A 57-year-old woman, who had undergone Roux-en-Y gastric bypass surgery 9 years earlier, was admitted to the intensive care unit because of pneumonia. Despite antibiotic therapy, she died 40 days later, apparently because of sepsis and organ failure related to the pneumonia. However, the patient's family requested an autopsy, which revealed that her death was due to perforation of the Roux limb of her gastric bypass, which had resulted in severe peritonitis. The perforation was caused by a nasogastric tube inserted for enteral nutrition. We discuss ways nasogastric tubes might be inserted more safely after gastric bypass, the response of Baylor University Medical Center at Dallas to this complication, and the role of autopsy in improving the quality of hospital care.
I n 2005, it was estimated that approximately 1 million people in the United States had undergone Roux-en-Y gastric bypass (RYGB) for treatment of severe obesity (1) . When RYGB functions well for a number of years, it may be overlooked or forgotten when a patient is admitted to a hospital for a nongastrointestinal problem. Some of these patients, especially those admitted in intensive care units (ICUs), will receive nasogastric or orogastric tubes for enteral nutrition (2) , often according to hospital protocol under the direction of nutrition services and nursing staff .
Th is article describes a case where insertion of a nasogastric tube caused intestinal perforation in a patient who had previously undergone RYGB. Like most of the nasogastric tubes used for enteral nutrition or for removal of gastric contents by suction, the tube that caused intestinal perforation in our patient was made of polyvinylchloride (PVC). Such tubes are fl exible, but they are stiff enough to permit advancement through the nose or mouth into the stomach or duodenum.
CASE REPORT
A 57-year-old woman was brought to the emergency department with a 3-day history of productive cough and confusion. She had been on chronic immunosuppression with adalimumab and methotrexate for rheumatoid arthritis and was started on prednisone about 1 month earlier for Hashimoto's encephalopathy. She had had RYGB 9 years earlier for severe obesity. A chest radiograph showed an infi ltrate in the right middle and upper lobe. While in the emergency department, she developed severe respiratory distress, and an endotracheal tube was inserted. A 16 Fr (5.3 mm) PVC orogastric tube was also inserted, presumably for routine gastric decompression to prevent aspiration. A subsequent radiograph was interpreted by a radiologist as showing that the tube was "apparently in the stomach." (A retrospective review of the fi lm showed that the proximal aperture of the tube was below the gastroesophageal junction and that the tip was in the upper part of the Roux limb; Figure 1a .) She was then admitted to the ICU with a preliminary diagnosis of health care-associated pneumonia and started on broad-spectrum intravenous antibiotics.
Sputum staining showed gram-negative rods, and the cultures grew Escherichia coli and methicillin-sensitive Staphylococcus aureus. Blood cultures were negative. Th e patient was hemodynamically stable on hospital day 2, and the nutrition service recommended enteral tube feedings. On hospital day 3, tube feedings were started using the orogastric tube that had been inserted in the emergency department.
On hospital day 15, the patient removed her endotracheal and orogastric tubes. She developed hypoxemia shortly thereafter and the endotracheal tube was replaced. A new 16 Fr PVC nasogastric tube was also inserted, and a portable abdominal radiograph was interpreted as showing that the tip of the tube was in the stomach. (A retrospective review of this fi lm showed that the proximal radiolucent side hole of the tube was located near the gastroesophageal junction [ Figure 1b] ; the distal 8 cm of tube containing smaller holes was presumably located in the gastric pouch and Roux limb.) Tube feedings were resumed. Over the next 2 weeks, the patient remained in the ICU and slowly improved.
On hospital day 28, the nasogastric tube could not be aspirated or fl ushed; it was therefore removed and a new 16 Fr PVC tube was inserted. Th ree portable supine abdominal radiographs were utilized during this tube insertion. Th e fi rst and second radiographs revealed that the tip of the tube had not passed the apparent esophagogastric junction, and the radiologist recommended advancement of the tube after each of the two fi lms. After the second advancement, a third fi lm was interpreted as follows: "Nasogastric tube courses into the stomach with the proximal side hole visualized well below the gastroesophageal junction." Retrospective review of the fi nal abdominal radiograph taken on day 28 showed that the inserted nasogastric tube took a diff erent course within the abdominal cavity than the orogastric tube that was inserted on day 1 and that it deviated leftward and extended about 20 cm beyond the assumed location of the gastrojejunostomy (Figure 1c ). Th ere was no evidence of free air in the peritoneal cavity on the three supine abdominal radiographs taken on day 28.
After interpretation of the third radiograph on day 28, Oxepa® tube feeding was instituted (35 to 50 mL/hour). Approximately 12 liters of tube feedings were infused through the tube during the next 11 days. "Gastric residual volumes" were zero on multiple occasions. Bowel sounds were present, and initially the abdomen was recorded to be nondistended. However, the patient's clinical condition gradually worsened with hypotension, hypoxemia, fever, leukocytosis, renal failure requiring dialysis, and diarrhea. Fecal fl uid tested negative for Clostridium diffi cile toxin. On day 39, the abdomen was noted to be distended and fi rm. After a family meeting on day 39, the decision was made to withdraw life support measures, including continuous venovenous hemodialysis, vasopressors, mechanical ventilation, and nasogastric feeding. Th e nasogastric tube was therefore withdrawn. Th e patient expired about an hour after the vasopressors were stopped. Th e clinical diagnosis at the time of death was pneumonia, sepsis, and multiorgan failure. Subsequent to her death, the patient's family requested an autopsy.
Autopsy
Examination of the lungs revealed intraalveolar fi brosis and organizing diff use alveolar damage consistent with resolving pneumonia. Th ere was no evidence of aspiration of foreign material.
Examination of the abdominal cavity revealed adhesed loops of small intestine encased in approximately 1600 mL of purulent fl uid within a loculated area in the left upper quadrant. A well-demarcated 4-to 5-mm circular perforation was visible on the external surface of one of the loops of small intestine (Figure 2 ). Further dissection revealed that the small intestinal perforation was in the jejunal Roux limb 14 cm distal to the gastrojejunostomy, immediately proximal to a hairpin turn of the jejunum (Figure 3) . Th is hairpin turn of jejunum was caused by adhesions between two loops of the jejunal Roux limb. Microscopic refractile material was entrapped in the serosal infl ammatory infi ltrate, consistent with food or pill particles.
Th e round and sharply circumscribed transmural perforation was not associated with histological evidence of peptic ulcer, vasculitis, or transmural ischemic necrosis of the surrounding bowel wall. Th e pathological fi ndings were most compatible with perforation from an inserted nasogastric tube (which had been withdrawn just prior to death). Subsequent review of radiographs ( Figure 1 ) also led to the conclusion that the perforation was the result of insertion of the nasogastric tube on day 28. Th e pathologist concluded that the immediate cause of death was purulent peritonitis and sepsis due to perforation of the Roux limb of a gastric bypass procedure that had been performed years earlier. As stated above, the perforation was caused by a nasogastric tube inserted for nutritional support. Th e pneumonia that precipitated her admission to the hospital was resolving at the time of death.
DISCUSSION
Th e fact that this patient had had an RYGB procedure 9 years prior to her admission was noted in the past surgical history, but was not mentioned in daily progress notes, nursing notes, or nutrition service notes during her 40-day hospital stay. A review of the hospital records revealed no evidence that the radiologists who interpreted nasogastric tube positions were made aware of the previous RYGB.
When this complication was discussed at a clinical case conference, it became clear that physicians, nurses, and dietitians at our hospital did not know of any possible increased risks of nasogastric tube insertion in patients who previously had an RYGB. Moreover, in reviewing medical and nutritional publications, we found no case reports or guidelines stating that insertion of any type of nasogastric tube was dangerous in patients who had a remote history of RYGB. However, a search of Internet discussion boards on bariatric surgery revealed that some patients who have undergone RYGB fear complications from nasogastric tubes or have been cautioned by their surgeon not to receive a nasogastric tube (3, 4) . Wikipedia has an article on nasogastric intubation that states that "use of an NG tube is also contraindicated in patients who have had gastric bypass surgery" (5). Th is statement appears to have been added in July 2008, about a year before our patient was admitted with pneumonia.
Our single case does not prove that patients with RYGB have a higher risk of complications from nasogastric tube insertion than patients who have not had RYGB. However, we believe that the complication experienced by our patient, when combined with knowledge of RYGB anatomy and pathophysiology, logically suggests that insertion of nasogastric tubes after RYGB may be more dangerous.
Nasogastric or orogastric tubes are designed for intubation of an anatomically normal stomach, which is large, highly distensible, and can hold an air volume of >1600 mL with little or no increase in intragastric pressure (6) . A standard PVC nasogastric tube in our hospital is 122 cm in length, and its distal 8 cm contains multiple side holes through which fl uids can be aspirated or infused. Th e entirety of the distal 8 cm of the tube can easily fi t within a normal stomach. If excess tube length is inserted, the tube can coil within the normal stomach with little risk of causing signifi cant damage. In contrast, the volume of the gastric pouch following RYGB is only about 30 mL, and its height is only about 4 cm (7, 8) . Th ere is no room for tube coiling, and it is unlikely that all of the holes in the distal 8 cm could be within the gastric pouch at the same time. Either some proximal holes of the tube would be in the lower esophagus, or some of the distal holes would have traversed the gastrojejunal anastomosis and be located in the Roux limb.
In the normal stomach, there are no recognized anatomic sites that are highly vulnerable to injury by a nasogastric tube, whereas in patients with RYGB there are several vulnerable sites. One of these is the narrow anastomosis between the gastric pouch and jejunum. Th is gastrojejunal anastomosis is usually about 10 mm in diameter, only about twice the diameter of a 16 Fr tube (5.3 mm), and it is often poorly vascularized, making it susceptible to ulceration and injury (9, 10) . Another location prone to injury is the blind loop of the Roux limb, which has no direct exit (Figure 4) (11) . Th e wall of this blind loop is much thinner than the stomach wall. Still another vulnerable area is the proximal Roux limb, also known as the alimentary limb, which carries ingested food through the upper intestine. Like the blind loop, its wall is thin. Moreover, due to the operation that creates an RYGB, or due to anastomotic leaks in the early postoperative period, or due to previous unrelated abdominal surgical procedures, serosal adhesions may develop and produce kinks in the Roux limb. In our patient, fi brous serosal adhesions caused a hairpin turn 14 cm below the gastrojejunostomy, and this prevented the inserted tube from moving distally within the jejunum, facilitating perforation when the tube was advanced.
Despite the possible increased risk of perforation, in several clinical situations use of a nasogastric tube is therapeutically essential in RYGB patients-most notably in those who have intestinal obstruction or prolonged ileus. Moreover, our single case report does not justify a ban on the use of PVC nasogastric tubes for nutritional support in patients who have previously received RYGB. However, our case does suggest that extra caution be employed when intubating patients who have had an RYGB.
Based on our experience with this case, we have several suggestions. Th e nurse or physician inserting the tube and the radiologist should know if the patient has previously had an RYGB, and they should have knowledge of bypass anatomy and the vulnerable sites noted above. Th ey should not advance a PVC tube against resistance. Th ey should recognize the substantial variation in distances between the nares and the upper part of the small intestine in people with an intact stomach (ranging from 51 to 74 cm) (12) and how these distances are altered by RYGB.
In adult patients with normal gastric anatomy, the length of tube, measuring from the nose, that has to be inserted so that the tip of the tube would lie in the body of the stomach can be estimated by using the formula {(NEX -50)/2} +50, where NEX is nose to earlobe to xiphoid length in centimeters (13) . Th is calculated length of tube can be inserted and then proper position can be verifi ed using a radiograph. For many patients this calculated distance for initial insertion is about 58 cm, and presumably for this reason the PVC nasogastric tubes in our hospital are ink marked at 58 cm from the tip of the tube. Although this is probably an entirely safe length of tube to blindly insert in patients with normal gastric anatomy, in our opinion it is 10 to 15 cm longer than should be initially inserted into a patient who has previously had RYGB.
Th e fi nal position of the tube, following adjustments based on radiography, should probably have the proximal side hole of the tube just below the estimated location of the lower esophageal sphincter. If the tube is not inserted far enough, nutrient solutions will be infused into the esophagus through the proximal holes of the tube, with risk of aspiration. (Th is problem could be mitigated somewhat by using a nasogastric tube with a single opening in the most distal part of the tube, although this might reduce effi cacy of suctioning.) If too much tube is inserted, the end of the tube will move far down in the Roux limb, which has an unpredictable course.
Th e risk of perforation with PVC tubes could probably be reduced by using fl uoroscopic guidance, which allows visualization of the tip of the tube as the tube is advanced. Using polyurethane or silicone nasogastric tubes, which are softer and more fl exible than PVC tubes, would further reduce the risk. Th ese tubes are more diffi cult to insert, a problem that can be mitigated by use of a guide wire if needed (14) .
Hospital response
Following autopsy, a conference was held between Baylor physicians and the patient's family. Th e autopsy results were fully explained, and the family was told that death of the patient was caused by perforation of the small intestine during insertion of a nasogastric tube.
Th is complication was discussed extensively at a special case conference. It was decided that prior bariatric surgery would be added to the list of conditions in which a physician, rather than a nurse, would insert nasogastric tubes. Th e revised Baylor policy for nasogastric/orogastric tube insertion is as follows: "In patients with altered physiology of the nares, oropharynx, esophagus, or stomach, such as occurs with bariatric surgery, other gastric surgery, nasal deformity or surgery, esophageal varices, or chronic epistaxis, nurses will not insert nasogastric or orogastric tubes, but consult with the physician to perform the procedure." Two years after the new policy, one of the authors of this report interviewed 10 Baylor nurses from diff erent fl oors and ICUs, and 9 of them were aware of the requirement for a physician to insert gastric tubes in patients who have had a gastric bypass. It was pointed out that this policy is also conveyed to newly hired nursing staff during their orientation.
Th e authors also requested the medical safety offi cer of Baylor University Medical Center at Dallas to consider adding a requirement that a radiologist who interprets the position of gastric tubes be informed when patients have previously received bariatric surgery.
The role of autopsy in this case
Th is case illustrates, once again, the value of a traditional hospital autopsy for discovery of clinically unanticipated fi ndings and how such information may lead to useful modifi cations of hospital policies and procedures and provide the family with the true cause of death.
Autopsies on patients who die in the hospital are mainly done at the request of the patient's family or physicians in order to clarify the cause of death, to assess clinical care, and occasionally for other purposes (15) . Th e average hospital autopsy rate
